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<20> n]^ w ^ 1 Ufl^l 3 Oil ^Al^ Hj-ofl TT} = tf|, ^7] ^^>J1^- 3^1 ^1 (10) ^'K 

yflel^ (20) ^^^(30) ^ \i]44I (40)2]-. ^7] ^8^*1 ^ ^1 ^^-1- &^f>} 

<21> o] 7] M . Ufl 5] o] (20) ^- ^7] £-*)] (10) ^Tlo^ 44 ^-4^^.^ 

*l n 2 -^^ ^m^\ ^§€(30) ^ ^P4€ (40) # ^41o>S.^- ^-UlH]^, ^ ifl^-oH 

<22> ol nfl, A> 7] v^o](20)°] ^^r°J ^7] ^-^7} ^^o\}^ ^7] 

^71 ^-^-^-1- #5fl ^7l7> -^5]^r XI (21) ol ^^S]J7, A>7l 

yfl^oi (20)5] #7] ^^ol ^^S]^- ^ 4H1 4>>7l 4^ 7l ^ ^ 

(50)2} 71 7} S#=]i=r ^5] XH^7lS#^-(51)ol *§^t]-. 

<23> ^*>, 4>7] Bfl EL] o] (20) °J oj-if^-oH^- A> 7] ^4^(40)# ^7]7> ^7} ^ 

^ (30) ^ -rr^S.^- <3#=I ^37lyfl#^- (22) ol ^^^U+. 

<24> ZL^JL, ^-71 ^71 #^71(11)71- B] . ^H>4 o.^ 7 1 

(30)14 -g-^> n 2 -*!^^- y 6>7l #^71 (11)5} ^1 ^^4 0 1^# ol 

^^r ^71, #^7l ^-(^Ali- ^4^)^- £-Xl(10)°] 7^«-Ol 7] 41 (12) 41 

°fl 

<25> Ol llfl, A> 7 1 (30)-^- Ol -T^ ^ ^ M)^f^ ^ 7] 2] ^-^O] 0]Jf.O] 

7^1 S.^- ^^-41 ^ 71 q ^ (60) oil °]S1] ^71 ^71 ^^47-17} ^-Ul^^- ^r?}3} 

n 2 -^^ ol^-u}. 
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aSlJi, ^71 ^^(40) si 4> 



o 
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<33> o}9] 12} ^ oil M ^7] ^^ J 4 (63) # #^}o} ^€ ^7l« e ( 60 ) ufl^ 

^l^r y 6>?l ^€ ^7|qB(60)f -os-o}^^ #7] *3 7] ^ H (60) <H| 

Z> ^I2^7l^#^-(61)# #6fl (30) vfl^ ^-^-^1^. 

<34> o}2} 1g7?\}, >y-7l Hfl Si o\ (20) oil ^HV^l ^^-g- (21)# #^t> Vl^l-b 

# ^ (80) ^ -Sf^-=Jt+. 

<35> ol ufl. 4>7l (80) # -fh#o}^- ^71 # J rl7] (80) 

oil 7 A 3^7l^#-g- (82) # #6fl (40)^. ^ i^u\7s] 

"U^-- ^€ wj7l«H (50)# °-S-o>^^ Z> ^l2^7lS#-g-(61)# #611 #7l 
(40)5. ^-^1^. 

<36> ~L^\JL, ^7} ^HJ(40)# -^^-0^^ ^^"€(40) iflofl % J A^% 

^^1^] ^71^ (40)^ An-^ ^7}o\] (20) °j ^7imi#^- 

(22) # #611 (30) ^ . Tfl^sfl^ 4>>7l ^=-^(30)^1 7^^- 

V" ^ € ^71^^ (60)^ 7fl2^7l^-^^- (62) # #611 ^7} ^^ ^7,}7\ 
-§-7jo^ -^^-S]cH ##7l (11) # #2}oMl 
<37> ^ T=L> . ^#«> #xLfl^ V^jZ^I ^^^r (30) ^ ^ ^ 

€(40)^ JH^fl^ ^7171- ^#^1^- ^1 ^ 71 (51.61.82)5] 3.7} 7\ JH-flSl ^(l^ofl 

aloll #tfl^j°^. 3711 ^>7l Ttfl^-ofl A>7l (30) m (40) ^71 

7\ ^1- 7] ^^^^ ^-7il^# 7>^1 1]-. 
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A>71 ^7l^B^ 43"^^ ^"71 Jl Lfl °1 ^ U}^- 
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7} 7.1 J=- E^°} ^71 
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<44> . MJ^^ ^H^Alollofl u}=. ^>J7°1 ^71 n 2 -^^- 3711 V" 71 « H 

(110)^1-, t}^r°l ^ 71 (120,130)^1-, -n-^^-Sl^- (200)# S^o^ ^ =1 ^ , ^ 

7lufl#^- (140,150) 1- ^ ^^t:\o^ ^-^^\. 

<45> 0^7} M , J rl7] ^7l^H (110)i- ^^^>ol^-# n 2 -^ #^71(11)7} ^1^1 -g- 

Tj^o^JfEi ^7l# ^^0} ^^-^(30) m ^^(40) JZvfl^ 4>7l ^7l# -g- 

<46> S. ^ol ^AHHl ^ °fl M ~ ^71 ^7|«B(110)7} ^>7l ^ ^ -g- ^ ^1 

^HolJZ, JHfl7> ^ (40) ol # ^ ^AlHl^n]-, A> 7 ] ^7l«H(110)7> 

tf^k°} H^7\ (30) C U "^-x-oll^ =-^f> ^# 

<4?> 3^1 JZ, ^>7l Z> i^7l (120,130)^- ^>7l ^71 «H (110)5} <3#^ 

J cl7] 3^(40)^1 MS. t\^r ^ °1^°H^ Wj7l# Z>Z> ^1=1 

<48> , o| l if ^ oil Al n> ^7l# S#*> ^-i^oll^. A>7l ^7171- S#^1^r ^f^ofl 

u} ^l# ^ol SL^S] 7^\^o} ol^ol^ ^ 01 d> _ J7Lfl(40)°l l}^ <>11 M ^717} 

^#51^^- 1> J£ 7 ] U$7]2] ^^\7\ it} t Si ?ll J1U1(40)°1 

^-^fl -g-^ 7>^-^7l nll^-olu} . 
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<50> 



f (120,130)^- J $7\ Jli-fl (40)^1 -y-^ofl ^p-Ulsl XU^7l 



(120)31-. J $7\ JL^i (40)5] ^-^ofl ^-Ulsj ^12^ 71 



^ (130) 



<51> 



#7l XI 1*3 71 



(120)^- ^>7l JZvfl(40)°l ^ ^ofl ^l^M 4>7l 



JUi-fl (40) °1 vjj-ijl 



o o 



^7i 



<52> 



^th ^>7l XI 2^ 71 



(130)^- >y-7l JItfl (40)^1 C U^^ 



43" 



<H ^7l JILfl (40) °] El-^-i^ 



^3- 



<53> 



^1 . 4^71 1> XI 1^71 



(120) m XI 2^ 71 



(130) 



^^-^ ^ol 



^ol ^ 



"It-! O O 



°1 



— i o ^ I 



(120.130) 



O 



ol 



I 7>J. J 



^7l°l ^-^-Ol «-AHg ^ °1« op] ^t>ol^. 



<54> 



^71 Z> Wj 7] 



(120.130) <2] ^ ^^1^- ^4-^ S. 55} ^-o] 



Ol J=L o 

7>A 1=1 ~ 



<55> 



a^lJi. <^7l 



TT o 



Sl ^- (200)^ <b V 7l Z> ^71 



(120.130)^1 LflJf o] ui 7 ] 



W o 



(121.131)ol Jfiflofl ^-«lS|ol >y-7l 



^ ^7l°l 
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ol 



I I o ^ 



<56> 



°le-1^ -ir 



o 



Si 4- (200)^- ^^-^ ^ 6^ ^>°1 AT-7] z> Wj 7l 
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=l^r ^7l# 



T3> 



A>7l ^71 °] 



o> y> ol= O 

— ' T O O - ■ 
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<57> s-^l , MJ-^ ^lll^AHHl^^- -y-7] °- (200) 7> ^1^- ^ -^n}^^ 

ol-^. #^]olH^ ~L ^r^SL^. o\7) n> , a> 7] 

ei-^f (200)-^- ^43- m o]^.^ m^m tS. 

<58> ^#f> U>Vf ^ n^i- Z> ^7]S#^ (120,130)1- -W-^o}^- ^7] 7> ^7] 

(121,131) # #oH ^ ^>7l (200)^1 ^^Hl -*f^ 

a> 4>tfl^ ?K2-r^ (Chaos) ^ 5} oj . 

<59> oj ufl. A> 7 1 7}°.^ ^JZ ^ ^ (vortex) # S^o^ , "2 <g 

°]*fl a> 7 ] w]7l^#^- (121.131)# #5fl £#5]^- ^71^- J7ufl (40)^ 
^l^^^^l (swing) ^1-71 ufl-g-ofl -A> 7 ] J7vfl(40)^ *1 Jf ^^_> (spread) t 

SMI 

<60> o] J=-, A>7l -f^^^f (200)^ ol^M 4^1 ^-^-^-^^f (200) Ml^o\] 

^ J A ^1 -rr^^! 7^1 # (flow boundary 1 ayer) ( A] ^SU^-T^fl (adverse pressure 
gradient)7> ^ 5} JZ . oj ^ ol^-o} Z> ^ 7] S# -*f (120 . 130) # U}^ -^0^ ^7] 7} 
^7} ^-^-^-^ (200) °] C U *]^°\}*\ ^"Sj (separation) 1- <|^7M1 sqjE.^. 7} 
^ Ol^ioll^- J2j-Jff.7> f j ^ 5] ^ AT- 7 1 -^^Jf (200) °] ^ (^7lS#^-# t:fo^ Tjj ) 

<ei> ^- . >y-7i (200^ ^ 3.n ^ n^] 3}^?} ^=1^1, 

ol ^ 5}^^- -^^^ 43^1 ^^^f (200)^ ^ 7.1 ^ o\] ^ 
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=1^- ^3*M*# 7} 7] ^ A] ZL 3.7} m ^1 7} 7} ^t\jL, o}o]} TL\^\ 

o] ^#SlTT| (swing) ti\7]] ^ TZ} . 

<62> ^7] f> °-s=-«-El Jf (200)^- AJ ^1 °fl °fl >H ^ ^°1 ^ ^71 S#-f (120, 130) %! 

41 ^S. XiJiU, ^# ol-7l Z> ^7lS#-^ 

(120,130)^1 ^^f^-ollnl ^-£1=1 -^7} ^^H]^^- ^^.^ o] ^ 
ol U>^^> ^ o] t} . 

<63> tls2 , ^ S}^-7}2] 7} M ojl o] sfl i^ AH*> *1^|*}^ -TT^°11 -1 ^}°1 2] tfl 

(121,131) ol si-o| Hj-EJ-^j-t} . 

<64> o.=-«.e]«. (200)o11 2]tj\ ^^^\ ^ ^-£1^1 -fr^7> n}L|^ 7-1 *j oj] o]^ 

^Ml ^ ^71 S#^f (120,130) °1 ^ 71 (121,131)ol ^7^S.^- ^ o] U\^x\ 

f> ^Jolul-. 

<65> ol§ ^oH S. ^AHHl^^. 4>7l -ff=^a]J=L (200)^} 4>7l ^7lS#-^f 

(120,130)°! ^ 71 (121, 131)7J o] 71^1 (H!)# >y-7l ^ 7l S#^§- (121 , 131) °1 7fl^- 

^ (Do) ofl Ul tfl 5f sl^^t! M- , ^>»1 ^ ^ X| Al fVu} . 

<66> m^l _ Mj-^o] °fl <H| >H ^- 62} ^-ol 4>7l \H7l^#Jf (120,130) °1 

^71 (121,131) ol ^tH# #7] ^7lS#-*f (120,130) °1 ^^l *1 ofl 3. 

7} 7-1^^ S}^}^ Sl^Jf (122,132) 7} ^-Ul^# ^7}^ 7^ A] *>U} . 
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<67> 72} ^-o] ^7} ft a-^^f (122,132) # ^^^1 

(120,130) °j, -^^oj ^^io>s.^- ^s. su^, ^y]y\ *\^m ^ 

7\A ^ A #7] -Sf^-S^ (200) oil -^f^ol-^ ^ o\] Ujofl 4r^r# 71-^1^^ 4>7] 

-n-^^l^- (200)011 Jf^l^- 3?o| ^71 7^^H} ^1#^ ^ 

oil Ji^} ^ 7>Al ^ ^ oi 7 j icfl^-oll a-^l^f (122,132) # C-| ^UllJ-ol t^} 

<68> ol ufl . 4>7l »^Jf (122,132) ^1 # (D 3 ) 4^1 V57lS#Jf (120,130) -fr^ ^ 

(D 0 ) oil til ml tflef 2-2.51311 ol^S^- ^ ^ ^ ol n\^^o\jl, 4>7l ^7lS#-*f 

(120,130)°! -n-^^ (D 0 )5Hf ^>>7l (121 . 131) 5] 7fl^-#(D 2 ) ^ #7l ^-£-51 

if °1 ^ (D) ~ tfle* ^-^oKtII ^^^ol yi-^^ o}b1 , ^>7l &^if (122,132) °1 z]o1(h 2 ) 
^7] V"7l^.#if (120,130) 5} -tt-^.^ (D 0 ) oil Ulan l~1.2yfl ^ ol^^^- 

^ ^ ^ ol y>^^l^l-t+. 

<69> 4>7l t_> ^^!^1 ^AHloll TCl-s. ^-^d\] 2] , o. (200)5] ^^^Oll A| 

ifti ^7lS#-g- (121,131)011 ol =71 ^771-7.1 °] -fr^7> ^#^1 ^# (nozzle)^ ^"-g-^r 
Ol -^1- S = ^> 7>^Al7l 7fl 5] 7^1 H (jet) # ^ ^ ^Ml =1 1+ . 

<70> ol Ufl, A> 7 1 - ^11 H-^- OJ ^1 ^ 4H1 ^ 7j\£^ M^. ##o>o1 Wj7l 

^#^-(121,131)011 *1 4i ^1 Jf °l£L| ^1-3 oil ^ov ( s tatic pressure) # tfl7l°J °1 43^^. 
43^171 JZ , tll^ A> -A>tH (unsteady state) °1 -£-^r# ^ ^ oMl ^ ^ . 

<?i> oi^., «>sl oil -°1 ?> ^-^^41^1- -W-^^-elif (200) °1 ^ °<}^°\] u-l^- y c } 

^ 71151 5f^f# ^ ^ *>^i . 
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<72> o}2} ^7} ^ 2}^.^- 4>#*> «^ ^1 -fr^^rS. ^ -^^^-(200)°! 

1 ^ =1 ^- ^^*> t^tS 3?1 ^ ^Pl7} ^^>JZ ojofl rr}e} ^ oj^. i£u}7ll 

sqn}. n+e+^H <^*> ^^ofl Tt}s} ^Hf^. xitg (swing) *>^- 4f^o] ^7] 

(121. 131) # #2}^ (40) S JE#5]^- °1 t+ . 



< 73 > ^t>, ^ 41 ^1 °ll °11 ^ ^=r 4P1 ^-^-^-^^-(200)^ ^ (D)# >y-7] «37l 

-*f (120,130) °1 ^ 71 (121,131) o] ol =Li, ^ (Do) 51} ^-^}7fl *g >g ^ # a 

<74> ZL^\JL, ^7] -fr^ o]^^- wj7]tiH#«- (140) ^7} Ji^H (40) 

# -TT^tV ^717} ufl#^^^- ol^oj^l ^#1 , >y-7l J^ufl (40)^ 7^ ^ r 



<75> . ^>7] ^7lufl#^- (140)^- ^>7] J7Lfl (40) °1 ^-^^l 1 ^ ^1^^- 5} 

ofl ujefl >y-7l j^x-fl (40) °1 7^ o>^.T^oil 3.^ j^c} h}^ ^>E+ . 



O 1^ 



<77> ^#71 (!!)# #2}o^^ £-^7} ^-#ol 7.}^ ^71^- (71) ^ 



O 



o\] °] ^ ^7l^H(110)^ -^^t}. 



<78> 015} *}^j , 4>>7l ^71^- 4>7l ^71^^(110)1- ^-^K=r #7] ^71^ 



(110)5} 7^1l^7lS#^f (120) ^ 7^l2V57lS#^f (130) ^ Z>Z> ^-^-SlJl, 711 

^ -^71 ^} ^71 S#^f (120,130) °1 ^7l^#^-# #sfl Jiufl^ Z}Z| S 
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<79> Oj ufl. 4>7l Z> ^7]^#^- (51,61,82) O] ^ S] Si ^ ^HH °fl ^ 

(200) 7\ Z|Z> ^-UlE]o^ ol 7 l ^fl^-°11 *t -fr^Hir ^7]^- ^7] 

-n"^^ (200)ofl Jf«^ ^>^oMl 
<80> ojoll Tt|-ej-. >y-7] ^7]^- 7] y>^f ^°1 ^"71 SJ-^ oil ojofl ^ *1 

-frs-°] ^oj oI-o^^Itz}. 

<81> ^f>, -y-7] -^^-^-t- (200) °1 #^*> ^ ^"71 ^-^^-^4- (200)^ ^ 

13 ,z>Z> ^^-1- ^ ^ tj\^ ^ ^-^^ ^7] yy ^7l^#^-(121,131)# #^>7] 

*\°\] M^. ^J°^.#| ^ m ^ o\7]} 3[o\ ^71 °] 

ofl tflf> ^Isl^- (swing) JSL^ ^711 

<82> ttl-S}^ . Ji 1^(40)^ ^7]^- ^-^1 « 0 >f># f>oH ^ U> ^O] 

°H~|e+, ^"71 jz^1(40)°] z> ^# %>ofl ^n^. oi^ Ojcrfl J7^- 

^71 ^-^-ol 7>%-^Ml 

<83> -^-ol , Z> ^7l^#^ (120,130) -b ^ ^r^?> u Jft ^fofl ^7]# S#o}S.^- 

^=]°1 Si7l nfl^-ofl A> 7 j z> i^7l S#-*f (120.130)5] ^7l^#-g- (121,131)# #ofl 
i^(40)^ J=- Zj-Zt^l ^71 ^>7l JZvfl (40)ofl^ ^ °1 

°1 y^S.^ #7>7> -^7,1^ , olefl ^71 ^7]^- ^-i^SS ol-Li^ 

^7} JIM] (40) 51 ^-^*> 7^^}7ll sit}. 

<34> ZL^JH. ^71 y>5} ^>o] ^(40)°! ^ ^f^-# ^-^-*> ^71^- ^71 J7Lfl (40) °1 

7^ ^^-^oii ^7lufl#^- (140) # #oH yfl#^ ^ #^ v 7l (ii)7l- ^7-yl^ -g-7> 

-n-^^ii^^l «_>^- ^ o] ^7l°l ^flol ol=o|^lct. 
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(150) ^ ^l4^7l^#-tf (160) 71; ^ ^-^^^ *>t+. 

<87> ^-tl , -y-7l«> ^ °1 ^12^1 A] o^l oll^^- ^7li3fl#^- (140)71- Jivfl (40)^1 # 0 0 v ^- 

^ ^ f>1s. »1h t_> . y}^-^^Ml^- Jim (40) °l ^°J-^r S-^oll 

<88> ol ufl. ^>7l ^l3^7l^#^f (150) *fl 2^ 7l (130) 7> ^1^1 Jim (40) ^1 U 

^ ^ ^f^ol 4^1 ^71 Bfl (140)7} ^7-1^ ^l^-^oll ^ *1 =1 *1 , A> 

7] JLU\ (40)^1 o}^- Jf^H# ^ofl ^7l# S#o>S.^- n 2 -^^^ 

<89> o}2} «T-^. A>7l 7ll4V H ^lS.#^ (160) Jim (40) ^ *| ^ #°o V ^f^Hl ^ *1 

5^ , 43^1 JZvfl (40)51. ^ ^-°o v ^7l# s#ei;« 

< 90 > ^^-^1 95} ^ol ^7] ^l2^7l^#^f (130) §J *fl 3*3 7lJ£#Jf (150)^1 

^1# ^.Ml (400^1 EH^ofl Z>Z> ^7-1^^^- ^ Sm. 

<91> <H U}3\ 7}^- £L ^Tg°l *fl 2-^ A] o(] ofl tlJ-|§. ^j 2 -^^- Jli^l (40) J£ S#Sl^- *3 

717} -£71 Jim (40) tfl^ ^^^SH^M Jt^t ^ \+^# ol-o^ ^ Jl^- 

^-S. ^-i^^ Jim(40)°l ^ ^fnHii^ 5-^^Ml t SIS.^- ^7l ^oltt 

<92> , ^^°1 Xlll^AHloll icj-|§. ^p-^oll °1^>t3 Jim (40) -Si ^g-Tjoll A| ^1 H+ 

^f7} ^.tq- 3711 ol^o|7.l7l ufl^-oll Jim (0) S] t>\^ ^-Tj-ollTH^- J7-^*> ^7l ^§-^-ol 

Ol =0^7.1 7.1 ^S. 9i 71 n_> , 3#f_> M^S] 7112^ AHH1 H}^- ^-^ofl °] cj}^ Jl 
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ufl (40)^1 ^ o>q^ 4>7l jiifl (40)^1 ^ ^KMi^ \+^^^ 

(swing) op] Ttfl^-ofl ^71 -fr^S] ^^>ol #cfl5]c>| ^^ 7l 7> S 

<94> S-^l , M^S] Z> A] A] ofl oil T^ofl JH-fl^. ^-^-O] 

^^t> ^^1^ -g-^-o] 7>^-*M^- S4I 
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i ^ ^ m i] 

t^n 2 -^ 2] 

*fl 1 % >0 ll Si °1 ^ , 

43-7] JlU,\ 9] ^ ^°fl ^l^M ^-7] JUiflS] ^ 

ofl V" 71 # ^o\^ n 2 -"^^ ^l2^7l^#^-7> ^ ^ ^ 

^"Ji^ ^7] ^ n 2 -^. 

3] 
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41 7 1 ^11^7l^#^-^ 41 7 1 ^I2^7l^#«-^- 

3 ^71 S^J^ol -r^?> ^4j^3# ^r^SSL^. «343" 

^71 

4] 

*fl 2 %>o11 oi ol a\ m 

43-71 oli^^ § ^o|^ ^ ^ ofl ±r 43-7] J7Lfl# ^r^-*> ^7] 7> «fl# 

5] 

*fl 4 %>o11 oi oi ^ _ 

43-71 ^71 Bfl #Jf^- 41 7 1 Jiifl°l T^Jf ° 0 ^^°fl ^\%% -^43J4^. ^ ^ 

4lJl^l ^71 

6] 

A 2 %>o11 oi oi ^ _ 

41 7 1 #° c 3^ # cH^. ^oH^r 41 7 1 3.1$ m -fr^-*> ^71 71- Ufl 

#^l^r ^7lyfl#^-7> C] ^-Ul^# UI ^JZ^l ^71 ^ 

7] 

*fl 6 %>o11 olo^ . 

41 7 1 ^l2^37lS#-^7> n^l^ JLVt\°] ^ ^ °] 41 7 1 ^7lBll#4-7l- 

3rJ°^El 7,1 oil 41 71 J7vfl°l ^ ^}o}\ ^7l# 

S.^- ^43^ ^l3^7l^#^-7> U\ ^-UlSlJi, 
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8] 

4^1 S#^^r ?1 # 7^^>« 4>7l ^71 2\ ^ofl tfl^}o} ^ 

^-^3^-^. ol-i- ^^>Ji^ ^7] n 2 -^- 

9] 

4^7 1 ^^r-g-^^f^- >y-7l V57lS#-^ V57l^#-g- 7j^£- 

#7l ^71 7fl^°11 ujafl ^>»] ^^.5. ^ 

£r ^71 7-^:- 

10] 

^ ^Jl^l ^71 

[^%> 11] 

*fl 1 % >0 ll Si °1 M , 
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[JL 4] 
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6] 
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